The treatment of latent infection with Mycobacterium tuberculosis is important in children because of their vulnerability to life-threatening forms of tuberculosis disease. The current standard treatment -9 months of isoniazid -has been associated with poor adherence and toxic effects, which have hampered the effectiveness of the drug. In adults, treatment with 4 months of rifampin has been shown to be safer and to have higher completion rates than 9 months of isoniazid.
T uberculosis is a major global health problem, with an estimated 10.4 million new cases worldwide in 2016; of these cases, 1.0 million occurred in children. 1 It is estimated that 25% of persons worldwide have latent infection with Mycobacterium tuberculosis. 2 From this enormous reservoir, it is estimated that active tuberculosis will develop in approximately 10% of those who are infected. 3 As a result of growing recognition of the importance of treatment of latent infection as part of the End TB Strategy, 4, 5 the World Health Organization (WHO) is now recommending treatment for children under the age of 5 years who are household contacts of a person with tuberculosis in all settings. 6 This strategy benefits the children by reducing their risk of life-threatening forms of the disease 7 and prevents future M. tuberculosis transmission. 8 The currently recommended standard treatment for latent tuberculosis infection is isoniazid (a regimen that is considered to be safe in children 9 ) for 6 or 9 months, 6 with the longer duration showing greater protective efficacy. 10 However, both regimens of isoniazid have been limited by poor adherence rates. 11 In adults, 4 months of treatment with rifampin has been shown to be safer (lower frequency of grade 3 or 4 hepatotoxicity) 12, 13 and to have better adherence rates [12] [13] [14] [15] than 9 months of treatment with isoniazid. In adequately powered tuberculosis prevention trials involving adults, 3 months of rifampin was found to be noninferior to 6 months of isoniazid 16 and 3 months of isoniazid plus rifapentine was found to be noninferior to 9 months of isoniazid. 17 In a recent pediatric trial, 18 investigators found better rates of safety and adherence with 3 months of isoniazid plus rifapentine than with 9 months of isoniazid. We wanted to compare the safety, side-effect profile, and adherence of 4 months of rifampin with 9 months of isoniazid in children in a randomized trial.
Me thods

Trial Design and Outcomes
This trial was part of a larger one that involved both adults and children. In this issue of the Journal, the overall trial design, definitions, randomization procedures, enrollment, and outcomes are described in the article by Menzies et al., 19 which details the findings in the adult participants. (See the Supplementary Appendix that is provided with the full text of the article by Menzies et al. at NEJM.org, along with the protocol for the trial in children, also available at NEJM.org.)
Briefly, the trial involving children was a noninferiority, open-label, randomized trial to compare 4 months of rifampin with 9 months of isoniazid for the treatment of latent tuberculosis infection in children (0 to 17 years of age) in Australia, Benin, Brazil, Canada, Ghana, Guinea, and Indonesia. Children under the age of 5 years who had a household contact with tuberculosis but had negative results on the tuberculin skin test (<5 mm) could also be enrolled in the trial. The primary outcome was adverse events of grade 1 to 5 that resulted in the permanent discontinuation of a trial drug. Secondary outcomes were treatment adherence, side-effect profile, and microbiologically confirmed active tuberculosis during 16 months of follow-up after randomization.
All the analyses were performed in the modified intention-to-treat population, which included all the children who had undergone randomization with the exception of those under the age of 5 years who had negative results on the tuberculin skin test both at the time of screening and on a second test performed 8 weeks after the end of household exposure to active tuberculosis. (Such exposure was defined as ending when the child's household contact with tuberculosis initiated treatment.) These children with two negative results on testing were excluded from the analysis only if the provider made the decision to stop treatment.
Drug Treatments
Children who were assigned to the isoniazid group received 10 to 15 mg of the drug per kilogram of body weight per day, and those assigned to the rifampin group received 10 to 20 mg of the drug per kilogram per day. 6, 20, 21 The drugs were administered by the participants or their caretakers. At each visit, providers performed pill counts to determine the doses of each drug that had been administered. Details regarding the administration of the two drugs and the preparation of the medications are provided in Table  S1 in the Supplementary Appendix. Per-protocol treatment completion was defined as the receipt T h e ne w e ngl a nd jou r na l o f m e dicine of at least 80% of doses during the prespecified period of time.
Trial Oversight
The overall trial was sponsored by the Canadian Institutes of Health Research, and Conselho Nacional de Pesquisa sponsored the portion of the trial in Brazil. The manufacturers of the trial drugs did not provide the drugs for use in the trial and had no other role in the trial. The trial was approved by the biomedical clinical research ethics board at the McGill University Health Center and by the ethics review committee at each participating site. Parents or legal representatives of the children provided written informed consent, and children who were 7 years of age or older provided assent to participate. All the authors vouch for the accuracy and completeness of the analyses and data reported and for the adherence of the trial to the protocol.
Statistical Analysis
We determined that the enrollment of 411 children in each group would provide the trial with a power of 80% to detect the noninferiority of rifampin, as compared with isoniazid, with respect to adverse events that resulted in the permanent discontinuation of a trial drug (primary outcome), assuming a 6% rate of adverse events with isoniazid and a maximum between-group difference of 5 percentage points. The expected rate of adverse events was estimated from the frequency of such events among adults receiving 9 months of isoniazid, as we reported previously. 12 This number of participants also provided a power of more than 80% to detect a difference of 10 percentage points favoring rifampin in the rate of completion of treatment, on the assumption that 60% of the children would complete 9 months of treatment with isoniazid. Samplesize estimates were adjusted to account for clustering of children who were assigned to the same trial group in the same household.
The statistical analyses were performed with the use of SAS software, version 9.4 (SAS Institute), and were directed by the last author in a blinded manner until the analysis was finalized. The calculation of rates of active tuberculosis was based on the person-time of follow-up; children who were lost to follow-up contributed to person-time until the last contact. Rate differences and their 95% confidence intervals were estimated with the use of generalized estimating equations on the basis of Poisson distribution, with a log link. 22 The completion of treatment was calculated as a proportion, and differences in treatment-completion rates and risk differences for adverse events (with 95% confidence intervals) were calculated with a binomial distribution with an identity link after adjustment for clustering in families with the use of generalized estimating equations. If no adverse events occurred, risk differences were estimated with the use of the method of Newcombe.
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R esult s
Trial Participants
From October 2011 through January 2014, we assessed 2176 potential participants under the age of 18 years. Of the 890 children who met the inclusion criteria, 46 (5.2%) declined to participate, which left 844 who underwent randomization ( Fig. 1 ). According to the protocol, 15 young children were excluded from the trial after randomization because they had negative results on tuberculin skin testing 8 weeks after the end of household exposure to active tuberculosis and treatment was stopped. Of the 829 children who remained in the trial, 11 (1.3%) did not complete the 16-month follow-up after randomization.
The characteristics of the children were similar in the two groups ( Table 1 ). The mean doses of the two trial drugs were higher in the younger age groups. Of all the participants, 128 were under 5 years of age, and 79 were under 2 years of age. No children who were infected with the human immunodeficiency virus (HIV) were enrolled.
Treatment Completion
The rate of overall treatment completion was significantly higher among children in the rifampin group than among those in the isoniazid group (adjusted difference, 13.4 percentage points; 95% confidence interval [CI], 7.5 to 19.3) ( Table 2 ). The numbers of doses of each drug that were administered were based on pill counts at 90.9% of all visits. The most common reason for not completing the trial therapy was a decision of the children or their parents to stop the trial drug early.
Safety of Rifampin vs. Isoniazid in Children
Adverse Events
One death associated with a traffic accident occurred in the rifampin group, and one pregnancy occurred in the isoniazid group (Table 3) . No events of grades 1 through 5 were attributed to either trial drug. To account for the longer treatment period and more numerous follow-up visits in the isoniazid group, we estimated the average percentage of visits in which minor symptoms such as stomach upset, poor appetite, or fatigue were reported. Among the children who returned for at least one visit, there was no significant between-group difference in the percentage who reported minor symptoms (Table 3) .
Treatment Efficacy
Among the children in the rifampin group, no cases of active tuberculosis were diagnosed during a total of 562 person-years of follow-up, as compared with 2 cases in 542 person-years of follow-up in the isoniazid group (rate difference; −0.37 cases per 100 person-years; 95% CI, −0.88 to 0.14) ( Table S2 in the Supplementary Appendix). The diagnosis was confirmed with culture in one child and with nucleic acid amplification testing in the other (no cultures available). One case occurred in a child who had completed 9 months of isoniazid, which corresponded to a rate of 0.24 (95% CI, 0.03 to 1.71) per 100 personyears, and 1 occurred in a child who had not TST denotes tuberculin skin test. T h e ne w e ngl a nd jou r na l o f m e dicine completed such therapy, which corresponded to a rate of 0.78 (95% CI, 0.11 to 5.52) per 100 person-years. The latter child had received less than 10% of the assigned doses of isoniazid and was found to have isoniazid-resistant tuberculosis more than 9 months after stopping the drug. This child was a household contact of an index patient in whom tuberculosis had been diagnosed on the basis of smear microscopy in a setting in which cultures and drug-susceptibility testing were not routinely performed, so such results were not available.
Discussion
In this trial, 829 children were randomly assigned to receive isoniazid for 9 months or rifampin for 4 months, with drugs administered by the par- No adverse event resulting in the permanent discontinuation of a trial drug occurred in either group. This rate was much lower than expected on the basis of experience with the same regimens in adults. [12] [13] [14] [15] However, this result is similar to the finding in a recent trial in which no serious adverse event developed in any of the children who received 3 months of once-weekly isoniazid plus rifapentine, 18 whereas in a largescale trial involving adults receiving the same regimen, 6% had grade 3 or 4 adverse events, and 5% discontinued treatment. 17 Although the occurrence of adverse events in the isoniazid group was much lower than predicted, we can still conclude that 4 months of rifampin was not inferior to 9 months of isoniazid with respect to safety, given that the upper limit of the 95% confidence interval of the rate difference (0.7 percentage points) was below the prespecified maximal difference of 5 percentage points. In addition, the two regimens were associated with similarly low rates of minor symptoms, a finding that was consistent with the results reported by Lardizabal et al. 15 However, these two findings differed from the results reported by Fresard et al., 24 who found that patients who received 4 months of rifampin had a significantly greater frequency of gastrointestinal symptoms, asthenia, transient cutaneous reactions, and neurologic symptoms than those who received 6 months of isoniazid, although treatment was not stopped because of these symptoms.
One possible explanation for the low frequency of adverse events and few side effects is that actual drug exposure in this population was too low. In this trial, we followed new WHO age-based dose recommendations, with the highest doses in the drug ranges administered to very young children. Such doses should have been adequate to achieve the target serum concentrations of rifampin. 25 However, recent pharmacokinetic studies 26, 27 have shown that even with doses in the recommended range of 10 to 20 mg of rifampin per kilogram, the desired targets for serum concentration may not be achieved in very young children who are being treated for active tuberculosis. In these recent studies, rifampin was administered in fixed-dose combination formats, and it is possible that serum concentrations would be higher when single-drug formulations were used for latent tuberculosis infection. It is clear that further studies of the pharmacokinetic activity of rifampin in this age group are needed. * All the analyses were performed in the modified intention-to-treat population, which included all the children who had undergone randomization, except for those under the age of 5 years who had negative results on the tuberculin skin test (<5 mm) both at the time of screening and on a second test performed 8 weeks after the end of household exposure to active tuberculosis if the provider made the decision to stop treatment. There were no significant differences between the groups except for the number of children who had one or more siblings enrolled in the trial (P = 0.006). Percentages may not total 100 because of rounding. HIV denotes human immunodeficiency virus, IQR interquartile range, and NA not applicable. † The dose of the trial drug was increased in 26 children (3.1%) because of an increase in weight. ‡ The body-mass index is the weight in kilograms divided by the square of the height in meters. § All the children who had a tuberculin skin test measuring 0 to 4 mm were under the age of 5 years (median age, 2.4 years; IQR, 1.0 to 3.4). ¶ Children with abnormal results on chest radiography that were considered to be suspicious for tuberculosis underwent sputum examination.
If the results were negative, they were enrolled. ‖ Although children with HIV coinfection were eligible to participate in the trial, no such participants were enrolled. 
In our trial, the completion rate in the rifampin group was significantly higher than the rate in the isoniazid group, a finding that was consistent with the results of two randomized trials involving adults, 12, 14 one observational study involving children, 28 and several observational studies involving adults. 13, 15, 29 Other trials have shown higher completion rates with rifamycin-containing regimens than with 9 months of isoniazid. In one trial, 88% of the children who were assigned to receive 3 months of once-weekly isoniazid plus rifapentine completed therapy, as compared with 81% of those assigned to receive 9 months of isoniazid. 18 In another trial, children who were assigned to receive isoniazid plus rifampin for 3 to 4 months had higher completion rates than those assigned to receive 9 months of isoniazid. 30 Although the only cases of active tuberculosis were diagnosed in the isoniazid group, we cannot conclude that 4 months of rifampin was either superior or noninferior to 9 months of isoniazid for the prevention of active tuberculosis. However, since there were no cases of active tuberculosis in the rifampin group in our trial or among 434 children who received 3 months of once-weekly isoniazid plus rifapentine in another trial, 18 we suggest that these shorter rifamycincontaining regimens are effective. The likely efficacy of 4 months of rifampin in children is also supported by the results of the companion trial involving adults, especially since the same trial procedures were followed, and adults and children were enrolled at the same trial centers. 19 Our trial has several strengths. These factors include the randomized design, with complete follow-up of more than 98% of the participants in the modified intention-to-treat population. The sample size was large for a pediatric trial of treatments for latent tuberculosis infection, which fills an important knowledge gap concerning safety, side-effect profile, and adherence to the rifampin regimen in children, for whom study data are limited. 13, 15, 28 Our trial included children from high-income countries as well as those from low-and middle-income countries, which enhances the generalizability of our results. The two trial drugs were administered daily without direct supervision, in contrast to trials in which isoniazid was administered without direct supervision daily but the isoniazid-plus-rifapentine combination was administered weekly under 17, 18, 31, 32 Therefore, measures of completion rates were not confounded by different modes of administration, and our results should be applicable in settings in which directly observed treatment is not available.
The main limitation of the trial was its openlabel design, which may introduce bias, particularly for the ascertainment of completion or adverse events. However, such a design has been used in all other trials of the shorter rifamycinbased regimens, 17, 18, 31, 32 simply because the shorter duration is one of the major advantages of these regimens. To reduce the risk of bias in ascertaining and reporting outcomes, all adverse events and active cases of tuberculosis were adjudicated by independent panels in a blinded manner. We also enrolled only 128 children under the age of 5 years and no HIV-infected children, * Plus-minus values are means ±SD. † The risk difference was calculated as the value in the rifampin group minus the value in the isoniazid group after adjustment for family clustering with the use of generalized estimating equations. ‡ A serious adverse event was defined as an event of any severity (grade 1 to 5) that was associated with permanent discontinuation of a trial drug. Such events were judged in terms of type, severity, and relationship to a trial drug by an independent three-member adverse-events panel in a blinded fashion. § This category was the primary outcome of the trial. The risk difference was estimated with the use of the method of Newcombe. 23 ¶ A minor adverse event was defined as one that did not result in the discontinuation of a trial drug. ‖ Minor symptoms included fever or night sweats, weight loss, sputum, cough, skin problems, gastrointestinal problems, and neurologic problems. ** This was a secondary outcome of the study. † † This category included minor symptoms with the exclusion of fever or night sweats, weight loss, sputum, and cough. ‡ ‡ This category included headache (in 16 participants), rhinitis (in 13), oral problem (in 5), fatigue (in 5), and other more infrequent symptoms (in 30). Table 3 . Adverse Events.*
T h e ne w e ngl a nd jou r na l o f m e dicine which reduces the potential applicability of our findings in these higher-risk populations.
In conclusion, in children with latent tuberculosis, a regimen of 4 months of rifampin had better rates of completion than 9 months of isoniazid, with similar safety profiles in the two trial groups. Rifampin has the advantage of being a single-drug regimen with existing palatable formulations for children.
